Fourteen strains isolated from vegetable sources and identified as belonging to Lactobacillus plantarum presented an atypical pattern of amplification with a species-specific multiplex-PCR assay. Phylogenetic analysis of two protein-encoding genes, recA (encoding the recombinase A protein) and cpn60 (encoding the GroEL chaperonin), as well as phenotypic and genomic traits revealed a homogeneous group of very closely related strains for which subspecies status is proposed, with the name Lactobacillus plantarum subsp. argentoratensis. The type strain is DKO 22
assay uses a reverse primer (pRev) in combination with three species-specific forward primers (planF, pentF and paraF) to distinguish the closely related species of the L. plantarum group. Three species-specific amplification products of different length were obtained: 318 bp for L. plantarum, 218 bp for L. pentosus and 107 bp for L. paraplantarum. The 14 atypical strains, isolated from vegetable sources, displayed an unexpected pattern characterized by two amplification bands, i.e. the 318 bp band typical of L. plantarum, and an additional 120 bp band (see Fig. 1 ). To evaluate the origin and the specificity of this new band, further PCR amplifications were performed on the 14 strains and on L. plantarum ATCC 14917 T . Each of the three species-targeted forward primers was assayed in combination with the reverse primer pRev in separate PCR assays. As expected, a unique 318 bp band was obtained when the primer specific for L. plantarum species was used. By contrast, in the presence of the primer pentF, specific for L. pentosus, a single amplification product of 120 bp was obtained from all 14 strains (data not shown), but no amplification was detected with the type strain of L. plantarum. Sequencing confirmed that both amplicons are recA gene fragments. Moreover, the recA gene sequences of the 14 strains were more similar to the recA gene of L. plantarum ATCC 14917 T , confirming that they belong to the species L. plantarum. The 14 atypical L. plantarum strains were also compared by using physiological tests to a panel of 15 L. plantarum strains, including L. plantarum ATCC 14917
T , and to the type strains of L. paraplantarum and L. pentosus. Table 2 lists the fermentation abilities of the 14 strains evaluated using the API-50 CHL detection kit as described by the manufacturer (bioMérieux). All the L. plantarum strains and the type strains of L. pentosus and L. paraplantarum fermented galactose, D-glucose, D-fructose, D-mannose, mannitol, Nacetylglucosamine, amygdalin, aesculin, salicin, cellobiose, maltose, sucrose and b-gentiobiose. None of the strains was able to ferment L-sorbitol, inulin, D-lyxose, erythritol, D-arabinose, L-xylose, adonitol, methyl b-xyloside, inositol, D-tagatose, DL-fucose, L-arabitol, 2-ketogluconate or 5-ketogluconate. By contrast, different fermentation trends were observed between the two groups of L. plantarum strains for five carbohydrates ( Table 2 ). All strains were negative for catalase activity (Freney et al., 1999) . Growth at 15 u C (positive) and 45 u C (negative) was tested in MRS broth. Hydrolysis of arginine determined according to the method described by Sharpe (1979) was not positive for any strain. Lactic acid isomers were assayed enzymically using the DL-lactate test kit (Boehringer) after growth in MRS. The 14 atypical L. plantarum strains formed both isomers, with the D isomer accounting for 65-70 % of the total lactic acid produced.
The partial 16S rRNA gene sequence was determined from strain DKO 22 T , one of the 14 atypical L. plantarum strains, using primers Lac16S-for (59-AATGAGAGTTTGATCCT-GGCT-39) and Lac16S-rev (59-GAGGTGATCCAGCCG-CAGGTT-39). The reaction mixture (20 ml) contained 30 ng template DNA, 1?5 mM MgCl 2 , 0?2 mM dNTPs, 1 mM each primer and 1 U Taq DNA polymerase (Polymed) in a standard reaction buffer. After an initial denaturation of 4 min at 94 uC, 25 cycles of 1 min at 94 uC, 1?5 min at 50 uC, 2 min at 72 u C and a final extension at 72 u C for 7 min were performed. The 1?6 kb amplification product was extracted from agarose gel (Promega elution kit) and sequenced at the Biomolecular Research (BMR) Center at Padua University (Italy). The sequence obtained was aligned with the 16S rRNA gene sequences of other Lactobacillus species using the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic analysis was performed with the MEGA version 2.1 program (Kumar et al., 2001) : the distance matrix was obtained with Tamura's three-parameter model and tree reconstruction was obtained with minimum evolution clustering. An analysis of the robustness of the tree was obtained by using a bootstrap approach with 1000 replicates. A maximumparsimony method was also applied with default options. Maximum-likelihood analysis was performed with the DNAML program in the PHYLIP software package. Very low divergence of sequences (similarity of 99 %) in the phylogenetic trees confirmed strongly that strain DKO 22 T belongs to the L. plantarum group (data not shown). Sequence analysis of the 16S rRNA gene did not allow us to distinguish very closely related species whereas proteinencoding genes did (Torriani et al., 2001 . The reaction mixture contained 300 ng DNA template, 2 mM MgCl 2 , 0?2 mM dNTPs, 1 mM each primer and 2?5 U Taq DNA polymerase (Sigma) in a standard reaction buffer. After an initial denaturation of 5 min at 94 u C, 30 cycles of 1 min at 94 uC, 1?5 min at 44 uC, 1?5 min at 72 uC and a final extension at 72 uC for 5 min were performed. The 1?1 kb 39-end fragment was amplified using AN-f (59-AAATYGAWGGNGARATGGG-39) and HDIG-r (59-TGTTCACGAAAAATTTGATTTTCTTCYTTNGCYTC-39). Reaction mixtures contained 300 ng DNA template, 2 mM MgCl 2 , 0?1 mM dNTPs, 0?5 mM each primer and 1?5 U Taq DNA polymerase (Sigma) in a standard reaction buffer. Reaction conditions were the same as those described above, except primer annealing was performed at 42 uC rather than 44 uC. The amplified fragments from L. plantarum DKO 22 T , A7 and ATCC 14917 T , L. pentosus LMG 10755
T and L. paraplantarum LMG 16673 T were sequenced. The recA gene sequence of L. plantarum WCFS1, available in the EMBL database (GenBank/EMBL accession no. AL935258), was retrieved from its complete genome sequence (Kleerebezem et al., 2003) . The sequenced strain WCFS1 is isogenic to strain NCIMB 8826, which was included in the present study (Table 1) and gave a single 318 bp multiplex-PCR assay amplification product as obtained with the L. plantarum type strain (see Fig. 1 ). The recA gene was longer in L. plantarum (1143 bp) than in L. pentosus and in L. paraplantarum (both 1137 bp). Alignments of the L. plantarum recA nucleotide sequences revealed 100 % similarity between strains DKO 22 T and A7, 99?7 % similarity between strains ATCC 14917 T and WCFS1, but only 93 % similarity between the two L. plantarum recA gene clusters (strains DKO 22 T /A7 versus ATCC 14917 T /WCFS1). L. plantarum strains shared about 81-82 % sequence similarity with L. pentosus and L. paraplantarum when similarity values were calculated on matching positions in L. pentosus and L. paraplantarum 1134 bp recA genes (without the stop codon). Thus, recA gene sequence analysis not only clearly distinguished between L. plantarum, L. paraplantarum and L. pentosus, but also identified two separate groups within the L. plantarum species. A phylogenetic tree based on the complete recA gene sequences was obtained as described above and is shown in Fig. 2 . The two L. plantarum clusters deduced from the complete sequence analysis of recA genes in four strains was validated in the other L. plantarum strains by comparing a 750 bp internal recA sequence obtained as described by Dellaglio et al. (2004) . About 20 ng PCR product was restricted with endonucleases AfaI, BamHI and SalI (Takara; 5 U, 1 h). The same restriction patterns found in L. plantarum DKO 22
T were found in 12 of the 14 atypical strains (data not shown). The two exceptions, strains DK 19 and SF2A35B, showed the same restriction pattern as for L. plantarum ATCC 14917 T , suggesting sequence divergence in their restriction enzyme recognition sites.
Strains from the two L. plantarum groups can be distinguished by the size of the products obtained with a recAnested multiplex-PCR assay and in particular by the amplification product obtained using primer set pentF/ pRev (see above and Fig. 1 ). In DKO 22
T , a CRT point mutation in the recA sequence (nucleotide 505 in GenBank accession number AJ640079) was linked to the specific annealing of primer pentF. The same point mutation was also found in strain A7 but not in L. plantarum ATCC 14917 T and WCFS1 (see Supplementary Fig. S1 ). Thus, in the recA-nested multiplex-PCR test, the two L. plantarum groups can be discriminated on the basis of a CRT sequence divergence. Fig. 2 . Phylogenetic tree based on recA gene sequence analysis showing the phylogenetic relationship of L. plantarum subsp. argentoratensis subsp. nov. with other strains of L. plantarum subsp. plantarum, L. pentosus and L. paraplantarum. The distance matrix was calculated with Tamura's three-parameter formula and the tree was inferred by minimum evolution (MEGA2 software; Kumar et al., 2001) . Bootstrap values at the nodes were all 100 % and were calculated on 1000 resamplings. Maximum-parsimony and maximum-likelihood analyses gave almost identical results. Bar, 0?02 substitutions per nucleotide position.
amplification products, of 318 bp (specific for the species L. plantarum) and 120 bp (specific for the L. plantarum subsp. argentoratensis subspecies).
The type strain is DKO 22 T (=CIP 108320 T =DSM 16365 T ).
